1. Serum nitric oxide (NO) levels (determined by its products of oxidation) were assessed in nonpregnant women, normal pregnant women and patients suffering from mild pre-eclampsia (MPE), severe pre-eclampsia (SPE), chronic hypertension (CHT) and CHT with pre-eclampsia (CHT+PE). The levels of NO products were significantly reduced during pregnancy in MPE (P < 0.001), CHT+PE (P < 0.01) and SPE (P < 0.05). Significant reductions of NO products were also observed in puerperium (P < 0.001) in all groups except CHT+PE (Pc0.05). 2. In normal pregnancy, three events were related to NO levels: (1) negative correlations were found between the levels of nitrite (r = -0.73, P = 0.0003), nitrate (r = -0.53, P = 0.017) and the number of weeks of gestation; (2) in the caesarean section group, the levels of NO at puerperium were significantly lower (P < 0.05) than those during pregnancy; and (3) there was a significant reduction in NO levels in the pregnant women carrying male fetuses as compared with female fetuses (Px0.05). 3. In SPE, the patients with a family history of hypertension had lower levels of NO compared with the patients without such a history (P<0.05). 4. A negative correlation was observed between systolic blood pressure, diastolic blood pressure and NO levels in MPE (r = -0.62, P = 0.013 and r = -0.68, P = 0.0049 respectively) and SPE (r = -0.72, P = 0.004 and r = -0.53, P = 0.037 respectively). 5. In SPE, positive correlations were observed between platelet count and nitrite (r = 0.67, P = 0.006) and nitrate levels (r = 0.56, P = 0.028).
INTRODUCTION
Different factors have been associated with preeclampsia (PE)/eclampsia: multifetal gestations, molar pregnancy, certain chromosomal alterations of the fetus, familiar history of hypertension, personal history of PE, chronic hypertension (CHT), diabetes, renal diseases [l-21 and the sex of the fetus [3-41. However, the aetiology and physiopathology of pregnancy-induced hypertension (PIH) is not fully understood. Damage of endothelial cells and organs in PE have been associated with increased vascular reactivity [l-2, 5-71 due to an imbalance between vasoconstrictive and vasoactive substances, mainly prostacyclin, thromboxane, endothelins and nitric oxide (NO) . NO , initially identified as an endothelial factor responsible for the relaxation of smooth muscle cells [26-271, is generated by the enzymic conversion [ by nitric oxide synthase (NOS)] of arginine to citrulline using NADPH as a cofactor. The end product is quickly transformed into a radical which is readily active and can be transformed into nitrites and subsequently into nitrates [26-271. Several The role of NO in PIH is still controversial. Some authors have reported a relationship between low NO production and PE [13-231; on the other hand, other researchers have reported either no difference or increased NO production in PIH [24, 251. Since NO has been involved in the control of vascular tone and inflammation, a tentative hypothesis was envisioned in which the severity of PE and the events associated with PIH (gestational age, personal or familiar history of .hypertension or PE, sex of the fetus and other variables) are related to decreased NO production.
The aim of the present report was to determine the relationship between NO oxidative products and the severity of PE, factors that may predispose to PE, types of hypertension during pregnancy, the type of interruption used, puerperium, and the effect of anti-hypertensive therapy. These associations were assessed in normal pregnancy (NP) and in different types of hypertension during pregnancy.
MATERIALS AND METHODS

Patients
The patients studied were among those admitted to the Maternity Hospital (Maternidad Concepcidn Palacios) of Caracas. The study was accepted by the Ethical Committee of the hospital.
We studied 66 pregnant women, 20 normal (NP), 16 with mild PE (MPE), 17 with severe PE (SPE), 6 with CHT+PE and 7 with CHT. Upon obtaining written, informed consent of all the patients included in the study, two samples of blood were taken (one during pregnancy and one 2 or 3days after delivery). The controls were 20 normal nonpregnant women in which neither hypertension nor other chronic or viral diseases were recorded.
The characteristics of the patients are described in Table 1 . Emphasis was placed on the clinical symptoms and abnormalities frequently observed in the physical examination of pre-eclamptic women (nervous system, gastrointestinal system, skin and visual alterations).
The patients were divided into different groups according to the classification of the hypertensive disorders of pregnancy adopted by the American College of Obstetricians and Gynecologists in 1986 [28, 291. Blood pressure was measured by the first and fifth Korotkoff sounds with patients in the left lateral decubitus position. The blood pressure recordings were ascertained during hospital admission, before and after starting anti-hypertensive treatment (patients with PE) and immediately before blood collection. Smokers did not smoke for a period up to 4 h before the sample was taken.
All patients were more than 20 weeks pregnant. Patients with recent hypertension, persistently 2 140 mmHg systolic or 2 90 mmHg diastolic, mild proteinuria or oedema were classified as MPE. Patients with SPE presented one or more of the following symptoms: recent systolic blood pressure persistently 2 160 mmHg, diastolic blood pressure persistently 2 110 mmHg; proteinuria > 2000 mg/ 24 h (or >3+ in semiquantitative tests); increased serum creatinine levels (> 177 pmol/l to 2 mg/dl) or oliguria (<500 cm3/24 h); platelet count < 1 x 109/1 or evidence of microangiopathic haemolytic anaemia (schistocytes, increase in indirect bilirubin levels or increase in serum free haemoglobin levels); upper abdominal pain, headache, visual disturbances or other cerebral signs. Women with CHT were diagnosed as having essential hypertension before pregnancy. Patients with a previous history of CHT who developed proteinuria, abnormal oedema or any signs of SPE were classified as CHT with superimposed PIH (CHT+PE).
We excluded any patient with fever, other chronic diseases (such as diabetes, renal disorders, cardiopathies, etc.), or patients who were not clearly defined within the aforementioned criteria. In addition, patients who were severely ill (patients with disseminated intravascular coagulation, severe haemolysis, renal, hepatic or cardiac failure), and/or those patients that required intensive care, were excluded as specified by the Ethical Committee of the Hospital. A complete medical record of each patient was kept from hospital admission to discharge.
In the NP group, the caesarean sections were performed due to fetopelvic disproportion or previous caesarean operation.
Hypertensive patients were treated with cr-methyldopa, hydralazine or nifedipine, alone or in combination. The doses varied depending on the patient's response.
NO determination
The blood samples were taken during a fasting period of no less than 4 h and no longer than 24 h. Their food intake was similar. All the patients with hypertension (PIH, CHT or CHT+PE) received a diet, given by the hospital, with low contents of nitrate and nitrite, in accordance with the guidelines described elsewhere [30] . The non-pregnant controls (mainly hospital personnel) and the normal pregnant women followed a similar diet. NO levels were determined indirectly by quantification of their oxidized products of degradation, nitrates and nitrites, using nitrate reductase and the Greiss reagent [31] , according to the method of Moshage et al. [32] . Briefly, serum samples were centrifuged at 3000 g, diluted 4-fold with distilled water and incubated with nitrate reductase from Aspergillus spp. in order to quantify the total amount of NO products (nitrites+nitrates). In the absence of the enzyme only nitrite concentrations were determined. After 30min incubation at 37°C in the presence of enzyme and its cofactors NADPH and FAD, and after further incubation for 10min with sodium pyruvate and lactic dehydrogenase to degrade excess NADPH, the samples were deproteinized with zinc sulphate, and 100 pl of the supernatant was mixed with 1OOpl of the Greiss reagent [a solution containing equimolar amounts of solution A (2.5% phosphoric acid, 10% sulphonamide) and solution B (0.1% ethylendiamine)]. A standard curve was obtained using sodium nitrate dissolved in water or in a pool of 20 normal human serums of non-pregnant women. Nitrite concentration was determined at 540nm using an ELISA plate reader (Labsystems Multiscan MCC/340, Turku, Finland). The inter-assay and intra-assay coefficients of variation for the Greiss reaction were 5.6% and 3.6% respectively.
Statistics
Comparative analysis among groups was performed using paired and unpaired Student's t-test, linear regression, analysis of variance (ANOVA) and the Chi-squared test with Yates' correction.
RESULTS
The characteristics of the patients are depicted in Tables 1-3 . As expected, differences in arterial blood pressure, percentage of symptomatic patients and abnormal physical parameters were observed between groups. Significant differences were also observed in the ages of the different groups; the patients with MPE and SPE being younger than the patients with CHT and CHT+PE (Px0.05). The frequency of women having their first pregnancy was higher in the MPE group as compared with patients in the SPE and CHT+PE groups (PxO.05). In every group there were women with family histories of CHT (grandparents, parents, uncles, brothers or sisters). All CHT+PE patients had family histories of CHT. Patients with pre-eclampsia (MPE and SPE) and hypertension (CHT and CHT+PE) had experienced previous episodes of PIH. None of the patients with MPE, SPE and CHT+PE were smokers. Only 20% of the non-pregnant women (mean 11 cigarettedday), 15% of the NP (mean 18 cigarettes/ day) and 14% of CHT (mean 2 cigarette/day) patients smoked.
Three parameters, frequency of first pregnancy, previous PIH and family history of CHT, were compared using contingency tables among groups. Significant differences between the groups (P < 0.00001) were observed. In comparison with NP, MPE and SPE groups, CHT+PE patients had the highest frequencies of previous PIH and family history of CHT and the lowest frequency of first pregnancy.
In Table 2 , it can be observed that the CHT+PE group had the lowest number of weeks of gestation when their pregnancy was interrupted (P <0.001 with respect to NP). There were no differences in the number of caesarean sections performed in each group. On the other hand, the complications of the neonate were more frequent in the CHT+PE and SPE groups than in the other groups (P < 0.01).
Some of the laboratory tests are presented in Table 3 . Interestingly, the leucocyte count was higher in SPE compared with NP (Px0.05). Several other alterations were observed for haemoglobin concentration, creatinine values, uric acid, urea, alanine aminotransferase and proteinuria. Most of the alterations were observed in patients with SPE or CHT+PE. Minor differences were observed in the patients with CHT or MPE.
Anti-hypertensive treatment was not required in 53% of the patients with MPE and only 19% were treated with MgS04. In contrast, most of the patients with SPE (84%) required at least two antihypertensive drugs to control their blood pressure, and 69% were treated with MgS04. Likewise, 67% of CHT+PE patients required three anti-hypertensive drugs (100% treated with MgS04) as compared with 57% of the patients with CHT who required two hypotensors (43% treated with MgS04). The amount of drugs required was significantly higher in the CHT+PE group as compared with the MPE group ( P < 0.01).
The values of NO are depicted in Fig. 1 . In Fig.  1(A) , the samples obtained during pregnancy are reported along with the values of non-pregnant women (control group, C). Significant differences were observed when the values of non-pregnant women were compared with MPE (P<O.OOl), SPE (P < 0.05), CHT (P< 0.01) and CHT+PE (P < 0.01). The levels in the MPE group were the lowest. The samples during puerperium are presented in Fig.  l ( B ) . The values for the NP group and for patients in puerperium were lower than for non-pregnant women. Significant differences were observed when the values for non-pregnant women were compared with those for NP (P<O.OOl), MPE (P<O.OOl), SPE (P < O.OOl), CHT (P < 0.001) and CHT+PE
(P<0.05).
When the values of NO during pregnancy were compared with those recorded at puerperium, a significant reduction was observed in the NP group (P<O.OOOl) and the SPE group (PcO.05) and no differences were observed between the other groups. On the other hand, the levels of NO were similar in pregnancy and puerperium in the MPE, CHT+PE and CHT groups.
No differences in NO levels were recorded among patients of different races or ages (results not shown). Furthermore, no differences in NO levels were observed when patients were treated with fenitoin or MgS04 (results not shown).
In order to assess the effects of different obstetric parameters in NO determination, NP samples were analysed for number of weeks of gestation and the effect of parturition (normal vaginal delivery) or caesarean section. These results are presented in Fig. 2. Fig. 2 ( A ) represents the negative correlation between the number of weeks of gestation and nitrite (r = -0.73) and nitrate (r = -0.53) levels. A similar correlation (not shown) was observed with total NO products ( r = -0.67, P<0.005). This correlation was not observed in the patients with different types of hypertension. Figure 2(B) presents the effect of parturition or caesarean section on NO levels. In the NP group, in which a caesarean operation was performed, the values were significantly reduced in puerperium compared with the values observed during pregnancy (P< 0.05, paired t-test). However, in patients with hypertension, no differences were observed between groups with caesarean section compared with parturition (results not shown).
In Fig. 3(A) , normal pregnant women carrying male fetuses had significantly lower nitrite, nitrate and total NO products than the female group (P<0.05). This difference was not observed in the other groups and at puerperium. In Fig. 3(B) , in the SPE group, patients with a family history of CHT had significantly lower (P<O.O5) levels of NO compared with patients without such a history. These differences were not observed in NP, nor in patients with MPE and CHT (results not shown). All patients with CHT+PE had a family history of CHT (see Table 1 ).
In Fig. 4 , the correlation between blood pressure and the levels of total NO products is shown for MPE (Fig. 4 A ) and for SPE (Fig. 4B) . A negative correlation was observed between systolic blood pressure, diastolic blood pressure and NO levels in MPE (r = -0.62 , P = 0.01 and r = -068, P = 0.005 respectively) and SPE (r = -0.72, P = 0.004 and r = -0.53, P = 0.037 respectively). These correlations were not observed in the groups of patients with chronic hypertension (CHT and CHT+PE). 
In patients with MPE and SPE, other parameters were correlated with NO levels. As shown in Fig. 5 , there was a positive correlation in SPE between the platelet number and the level of nitrites (r = 0.67, P = 0.0061) and nitrates (r = 0.56, P = 0.0276). A similar correlation (not shown) was observed with total NO products (r = 0.65, P = 0.009).
Furthermore, in MPE, anti-hypertensive treatment appeared to affect NO levels. As can be seen in Fig. 6, patients In NP, an increment in the circulating levels of NO was observed during the first trimester of pregnancy [14] . In concordance, DelacrCtaz et al. [22] reported an increment in platelet inducible NOS in normal pregnant women. In the present report, a negative correlation was observed ( Fig. 2A) between the number of weeks of gestation and the levels of nitrites and nitrates in serum. This observation has not, to our knowledge, been reported previously.
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Female Male Family Hypertension Morris et al. [23] did not find a significant correlation between NO levels, recorded in the exhaled air of pregnant women, and gestational age. This discrepancy may be due to the different type of sample processed. Recently, increased interest has been shown in NO as a possible important mediator of PE [13-251. A PE-like phenomenon was observed in rats treated with NG-monomethyl-L-arginine (an inhibitor of NOS) [13-151, suggesting that an important relationship may exist between NO levels and the vasoconstriction produced in PE. Wang et al. [24] did not find differences in placental NO between NP and PE. However, Davidge et al. [25] reported an increased level of serum nitrates in patients with PE. The issue of NO in pregnancy and PE remains controversial.
Different reports [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] have suggested that several factors may affect NO production, which may or may not be directly related to the pathology of PE or any type of hypertension. As described in the present report, in NP, the number of weeks of gestation, the type of delivery [normal vaginal delivery (parturition) or caesarean section] and the presence of a male or female fetus seem to modify circulating levels of NO. These variables have not been accounted for in some of the reports performed in normal and pre-eclamptic women [18-2-51 . In addition, only one report compares MPE with SPE [18] , and none of them compared patients with CHT and CHT+PE with patients with PE. Another important piece of evidence is the decrease in the levels of NO in the puerperium, reflecting a physiological consequence of parturition and caesarean section.
Most of the reports concentrate on the alterations in the laboratory parameters and do not consider the importance of predisposing factors. In this report, the influence of previous PIH and family histories of CHT were assessed. All patients with CHT+ PE had previous pregnancies, had a previous history of PIH, and most of them had a family history of CHT. Furthermore, most of the patients with CHT had a family history of CHT and previous episodes of PIH, and some of the patients with MPE and SPE reported both factors. These results are in agreement with the study by Campbell et al. [33] in which the frequency of PE was found to be higher in women with an antecedent PIH, as compared with women without PE in the first pregnancy. These observations suggest the importance of genetic factors in PE. Interestingly, a decrease in the levels of NO products was observed in the normal pregnant women carrying male as opposed to female fetuses. This observation was not recorded at puerperium nor in the other groups. Previous reports relating fetal sex to pre-eclampsia/eclampsia have been contradictory. Naeye and Demers [3] observed early gestational blood pressure and weight gain in preeclamptic women carrying male fetuses, but a lower proteinuria in these women at the third trimester compared with those carrying female fetuses. In contrast, Sgnchez et al. [4] reported that the probability of eclampsia is 1.6-fold higher if the fetus is male. Recently, Bianchi et al. [34] have shown that male fetal cells (CD34+CD38+) may circulate in the maternal blood during pregnancy and for up to 27years postpartum. It may be proposed that fetal cells may, directly or indirectly, influence maternal NO production; however, this event has to be studied further.
Another important parameter that has been related to NO levels is blood pressure. In the present report, a negative correlation was encountered between blood pressure and NO products in SPE and MPE. Seligman et al. [18] reported a similar correlation of NO levels with systolic blood pressure in pre-eclamptic PE women. However, the authors did not clarify the severity of the preeclampsia in the women included in the study. As shown in the present report, the severity of PE clearly modified the slopes of the curves in systolic blood pressure.
Despite the fact that the decrease in platelet number was mild in the SPE group, the modifications in the platelet count parallel the nitrite and nitrate production. This correlation was not observed in the other groups. The positive correlation found suggests a link between NO production and platelet number, which is one of the criteria used to determine the severity of PE. However, the blood pressure (systolic or diastolic) did not correlate with platelet number. Recently, DelacrCtaz et al. [22] studied platelet function and constitutive NOS activity and its relationship with NP and PE. The authors reported decreased NOS activity in preeclamptic women and a correlation between gestational age (not achieving significance) and NOS activity in NP. However, the authors did not observe a correlation between blood pressure and NOS. This difference may be due to the fact that the assays were performed in a small number of patients.
It is important to emphasize that patients with MPE who received anti-hypertensive drugs had levels of NO higher than those who did not. These differences were observed only during pregnancy and not at puerperium. The increase observed in patients with MPE and anti-hypertensive drugs may explain the levels of NO encountered in patients with SPE (all of them with hypotensors). It could be suggested that anti-hypertensive treatment may affect NO levels. In concordance with this hypothesis, several reports have shown that hydralazine may increase NO levels . Hydralazine induced the transcription, in vitro, of NOS in the rat adrenal medulla [37] and it increased cyclic GMP production in the plasma and urine of severe pre-eclamptic patients [38] . However, further studies are required in order to assess the direct effect of anti-hypertensive drugs on NO production and metabolism.
It is not clear from previous reports [18-251 whether the patients tested were treated at the time of collection of the blood sample. In fact, in the report of Davidge et al. [25] , the authors did not mention this variable, which may condition the levels of NO in these patients. It is likely that the conclusion reported by the authors is dependent on the treatment used.
Wang et al. [24] have shown that the placental production of NO and endothelin in normal and pre-eclamptic patients was similar. These results are comparable with those of endothelium-dependent relaxation of human resistance arteries in pregnancy [19] , but are not comparable with in vivo experiments, since in vitro incubations were performed for long periods of time. Therefore, the factor or factors that may up-or down-regulate NO production are not present in these in vitro incubations.
The absence of severely compromised SPE patients in this report may be responsible for the low number of primips, the absence of maternal deaths, mild alterations in platelet number and a higher gestational age compared with those reported previously. Nevertheless, the gestational age at delivery was lower in the SPE group compared with the NP and MPE groups. The inclusion of severely ill patients may modify several of the parameters and correlations observed in this report.
Overall, it has been shown that serum NO levels in pregnancy can be modified by several parameters, such as the number of weeks of gestation, sex of the fetus, type of interruption and anti-hypertensive treatment, suggesting that several physiological and pathological responses are related to NO production. Even though it cannot be concluded that the decrease in NO is a consequence or the cause of hypertension in pregnancy, the differences encountered, although weak in some cases, contribute to the understanding of the physiological alterations observed in PIH and provide new insights into the possible role of NO in PIH and NP
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